One new 3-prenyl-2-flavene, named baphiflavene A, 1, and eleven known compounds, 2-12, were isolated and reported for the first time from Baphia massaiensis using several chromatographic techniques. Their structures were elucidated using different spectroscopic techniques; 1D and 2D-NMR, HRMS, GC-MS, UV/Vis, FTIR and by comparison with literature data. The isolates were tested against Staphylococcus aureus, Bacillus subtilis, Pseudomonas aeruginosa, Escherichia coli and Candida albicans to establish their preliminary antimicrobial activities. The results revealed that compound 1 had moderate activities against both Gram positive (B. subtilis and S. aureus) and Gram negative (E. coli and P. aeruginosa) bacteria, and good activity against C. albicans with inhibition zones of 10-23 mm (compared to 19 mm for chloramphenicol and miconazole standards). To the best of our knowledge, this is the first phytochemical work reported on Baphia massaiensis.
Baphia massaiensis Taub, commonly known as Jasmine pea or sand camwood, is a small tree of about 2-4 m in height. It is widely distributed in west-central, eastern and southern African regions including Botswana [1] [2] , and cultivated in Singapore [3] . It belongs to the genus Baphia, family Fabaceae (Leguminoseae), sub-family Faboideae (Papilionaeae) and tribe Sophoreae. Baphia massaiensis is widely used as a source of food, in traditional medicine and in other household uses [4] . In traditional medicine, the plant is used to treat impotence, infertility, wounds, sores, body measles, dizziness, and hemorrhages during pregnancy and birth as well as in baby tonics [5] . These ethnobotanical uses could imply that the plant possess wound healing, antipyretic, antimicrobial and anti-inflammatory properties. Previous phytochemical investigations on the genus Baphia revealed the presence of terpenoids, imino sugars [6] , flavonoids [7] , flavonoid glycosides [8] , isoflavonoid glycosides [9] , isoflavonoids, pterocarpans [10] [11] , pigments [12] , simple phenolics, xanthones and a benzofuran which was erroneously classified as a benzophenone [13] . Daidzein was the only compound isolated from the leaves of B. massaiensis var. obovata [14] . However, there is no report in literature of chemical constituents of the species B. massaiensis var. massaiensis despite its attractive traditional medicinal uses. In our quest to search for novel natural products and biologically active components from plant species, we report for the first time the isolation and characterization of secondary metabolites from the twigs and stem bark of B. massaiensis, and their preliminary antimicrobial activities. Fourteen compounds were isolated; twelve fully characterized (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) and two whose structures are yet to be determined (13 and 14) . However, preliminary analyses of their 1 Hand 13 C-NMR data showed some flavonoid features. two methylene, two methyls and one methoxy carbon. An interesting feature of the 13 C-NMR spectrum of 1, was the absence of the keto carbonyl carbon resonance in the region δ C 180-210, suggesting either a flavan or flavene skeleton. On the basis of the 1 H-NMR spectrum, 2-flavene skeleton was proposed due to the presence of an isolated singlet resonating at δ H 2.17 (H-4a/4b), directly attached to a methylene carbon at δ C 29.7 (C-4). The proton spectrum also exhibited proton signals characteristic of a prenyl unit at δ H 5.33 (1H, dt, J = 2.8; 6.9 Hz), 3.64 (2H, d, J = 6.9 Hz), 1 between C-3 (δ C 118.0) with prenyl methylene protons δ H 3.64 (2H, d, J = 6.9 Hz), between H-3´ (δ H 6.76) with C-4´ (δ C 147.1) and C-1´ (δ C 124.5), confirming assignment of the proton. There was no HMBC correlation between C-3 (δ C 118.0) with methoxy protons (δ H 3.84), implying that the methoxy and the prenyl unit were not adjacent to each other. A NOESY correlation was observed between H-5 (δ H 7.47) with one of the methyls on the prenyl unit (δ H 1.74), suggesting that the prenyl unit and H-5 were in close proximity in space. Another NOE correlation was observed between methoxy protons (δ H 3.84) with the second methyl protons on the prenyl unit (δ H 1.85), further ascertaining the attachment of prenyl unit at C-3 and methoxy at C-1´. Compound 1 was identified as 7,4´,5´-trihydroxy-2´-methoxy-3-prenyl-2-flavene and is given a trivial name baphiflavene A. This is the first report of baphiflavene A from Baphia massaiensis and from nature. Other compounds isolated for the first time from B. massaiensis but were previously reported in other plant species were; isoafrormosin 2, 7,3´-dihydroxy-8,4´-dimethoxyisoflavone 3, pratensein 4 [15] , (+)-catechin 5 [16] , β-sitosterol 6 [17] , stigmasterol 7 [7, 13, 18] , friedelin 8 [19] , friedelin-3α-ol 9 [20] , lupeol 10 [21] , nonadecanoic acid 11 [22] and nonacosane 12 [23] . Their structures are summarized in Figure 1 . (Table 2 ).
Experimental
General: All general purpose (GPR) solvents were distilled before use whereas analytical reagents (AR) solvents were used as purchased. UV spectra were recorded using Shimadzu UV 2101 UV-Vis spectrophotometer and IR absorptions on a Perkins Elmer spectrum 100 FT-IR Spectrophotometer (Spectrum Two). The NMR spectra were obtained using the Bruker Avance DPX and DRX spectrometers operating at 300 and 600 MHz, respectively. All 2D spectra were acquired with a Bruker inverse 5 mm QNP probe and the data acquired at 24 scans. The voucher specimen (B2011/1) was deposited at the department of Biological Science, University of Botswana herbarium. The stems were debarked, both the stem bark and twigs were cut into small pieces and air dried for fifteen (15) days. They were then ground into powder to afford 2.0 kg and 1.5 kg dry mass of stem bark and twig powders, respectively.
Extraction and isolation
The stem bark: The stem bark powder (2 kg) was successively extracted with n-Hexane (7.5 L), CHCl 3 (7.5 L), acetone (7.5 L), MeOH (5 L) and lastly 10 % aqueous MeOH (2.5 L). The solvents aqueous MeOH extracts respectively. The n-hexane extract (3.76 g) was pre-adsorbed on silica gel and subjected to CC and eluted with n-hexane, then n-hexane/EtOAc mixtures of increasing polarity and final with a 7:3 mixture of EtOAc/MeOH. The resulting fractions were combined on the basis of their TLC profile and compound 8 recrystallized from one of the fractions. Further purification of the crystals by pTLC using CHCl 3 as the developing solvent gave compound 8 (6.9 mg) as a white solid. Subjection of the CHCl 3 extract to CC and eluting with the same solvent profile described above led to four subfractions. The subfractions were subjected to repetitive pTLC to give 10 (33.8 mg), 9 (6.3 mg; 0.03%) and 7 (24.1 mg; 0.1%) as white solids. The acetone fraction was purified using CC eluting with a similar solvent system as for n-hexane and CHCl 3 fractions. Further purification of some sub-fractions from the CC procedure using repetitive pTLC with Hex/CHCl 3 /EtOAc/ Acetone (6:3:1:1) and PE/CHCl 3 /EtOAc/MeOH (2:7.5:2:0.5) as developing solvents gave compound 1 (10.2 mg) as a brown paste and compound 4 (5.2 mg) as a brown paste. The methanol extract was subjected to CC under gradient elution with n-Hexane, different proportions of n-Hex.:EtOAc up 100% EtOAc then EtOAc/MeOH up to 7:3 to give seven sub-fractions. Compound 5 (10.4 mg) crystallized out of one of the sub-fractions as a brown paste.
The twigs: The ground twig powder (1.5 kg dry mass) was defatted with n-Hexane (2 x 2.5 L) to give the n-hexane fraction (4.56 g). Next, the plant material was extracted exhaustively with a 1:1 mixture of CHCl 3 /MeOH (2 x 2.5 L) to afford the CHCl 3 /MeOH fraction (142.46 g) and finally with MeOH (1 x 2.5 L) to furnish the MeOH fraction (24.75 g). The n-hexane fraction was subjected to pTLC using PE:EtOAc, 10:2 as the developing solvent to give 12 (4.3 mg; 0.09%). The CHCl 3 /MeOH fraction was subjected to CC eluting with n-Hexane, then different proportions of n-Hexane/ EtOAc up 100% EtOAc and finally EtOAc/MeOH (7:3) to give seven sub-fractions. Sub-fractions that showed the presence of compounds that were not previously isolated were subjected to repetitive pTLC to give compounds 6 (5.8 mg) as a white solid, 2 (1.9 mg) as a brown paste and 3 (4.1 mg) as a brown paste. Purification of one of fractions from the pTLC procedure using a Sephadex column eluted with CHCl 3 /MeOH, (1:1) gave 5 (29.1 mg) as a brown solid. The methanol fraction showed similar TLC profile to the CHCl 3 /MeOH fraction.
Antimicrobial tests Test organisms:
The antibacterial activities were tested against E. coli (ATCC 11229), S. aureus (ATCC 9144), B. subtilis (ATCC 6633), P. aeruginosa (NCTC 10332) and C. albicans (ATCC 10231) obtained from the microbiology laboratory at the Department of Biological sciences, University of Botswana.
Preparation of Culture Media and Suspensions: Nutrient broth (NB) was used for bacteria while Sabouraud dextrose broth (SDB) was prepared for fungi. Nutrient broth (13 g/L) and SDB (1g mycological peptone plus 4 g glucose) were each prepared by dissolving them in distilled water (1 L). The media solutions were distributed into volumes of 50 mL in conical flasks (6 x 100 mL) covered with cotton wool plugs and aluminium foil. Nutrient agar (28 g) and Sabouraud dextrose agar (39 g) were each dissolved in distilled water (1 L) by heating with continuous stirring to obtain clear solutions. The culture media were autoclaved at 121 ºC for 15 minutes and kept in an oven set at 44 ºC until they were used. The nutrient broth was left to cool to room temperature before use. The culture suspensions were prepared by aseptically transferring the microorganisms from the Petri-dishes to the nutrient broth using sterile nichrome wire. The microorganisms were incubated for 24 hours in a Lab-Line Orbit Shaker/incubator at 37 ºC. The cloudy medium was observed confirming the growth of microorganisms in the cultures.
Agar well diffusion method: The M001, Mueller Hinton agar (44 ˚C), prepared as described above was poured into petri dishes (̴ 20 mL agar solution per a petri dish) and allowed to solidify. The agar plates were each punched with a sterile cork borer of 6 mm size, making 5 wells per a petri dish. Stock solutions of 10 mg/L of B. massaiensis extracts and isolates in appropriate solvents were prepared. A 100 μL of each test sample was poured with micropipette into the wells and the solvents allowed to evaporate to dryness in the bio-hazard fume-hood. Agar surface of each plate was streaked by a sterile cotton swab with the reference bacterial/fungal strain from the overnight cultures. The inoculated petri dishes were incubated for 24 hours at 37˚C. Inhibition zones were determined to be the clear areas where there were no microbial growth, and were measured using a ruler (in mm). The larger the diameter, the more effective the isolate and or extract is. Fourteen compounds in total were isolated from the twigs and stem bark of Baphia massaiensis using chromatographic techniques. Out of the fourteen compounds isolated, only structures of twelve compounds were elucidated. Compound 1 was isolated for the first time from nature and its structure was determined to be 7,4´,5´-trihydroxy-2´-methoxy-3-prenylflav-2-ene based on spectroscopic data. It exhibited moderate to good activities against all test organisms with inhibition zones ≥10 mm compared to the two standards used, chloramphenicol and miconazole. Compounds 2-5 exhibited weak anti-microbial activities. All these constituents isolated herein (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) are to the best of our knowledge reported from B. massaiensis species for the first time.
Supplementary data: All NMR and HR-EIMS spectra of compound 1 have been attached on separate pages.
